Abstract. The present study examined the expression levels of ferroportin, a transmembrane protein that transports iron from the inside of a cell to the outside, in the prostate cancer PC3, DU145 and LNCAP cell lines, in the normal prostate RWPE2 cell line, and in tissue samples from different differentiation stages of prostatic carcinoma and prostatic hyperplasia. The study also investigated the role of ferroportin protein expression in the diagnosis and prognosis of prostate cancer. Reverse transcription-quantitative polymerase chain reaction and western blot analysis were employed to measure the mRNA and protein expression levels of ferroportin in the PC3, DU145, LNCAP and RWPE2 cells. Immunohistochemistry was used to determine ferroportin protein expression in the prostate cancer and prostatic hyperplasia tissues. Compared with the normal prostate RWPE2 cells, ferroportin protein expression was significantly lower in the prostate cancer PC3, DU145 and LNCAP cells (P<0.05). Compared with the prostatic hyperplasia tissues, ferroportin protein expression was significantly reduced in the prostate cancer tissues (P<0.05). Overall, the expression levels of ferroportin in the prostate cancer tissues were lower than those in the normal prostate tissues, which may provide valuable clinical information for the diagnosis and prediction of disease progression in prostate cancer, and may indicate a potential therapeutic target for treating prostate cancer by regulating iron metabolism.
Introduction
Prostate cancer is the most common malignancy in males in western countries, and the second most common cause of cancer-related mortality (1) . The clinical symptoms of early prostate carcinoma are unspecific, and the disease is therefore often diagnosed at a late stage. With the extensive use of serum prostate-specific antigen detection and biopsy of the prostate, the early diagnosis rate of prostate cancer has improved (2, 3) .
A previous study found that iron metabolism plays a significant role in cancer cell growth, angiogenesis and metastasis (4) . Hepcidin, predominantly synthesized in the liver, is the principal regulator of systemic iron homeostasis, and acts by inhibiting intestinal iron absorption, iron recycling by macrophages, and iron mobilization from hepatic stores (5) . It has been reported that hepcidin is closely associated with infection, tumor and chronic inflammation (6) . Ferroportin protein is an important regulator of body iron metabolism, and is a membrane transport protein that transfers intracellular iron to the extracellular environment. Reduced expression levels of ferroportin on the cell surface lead to an increase in intracellular free iron, making the tumor cells more aggressive. Changes in ferroportin protein expression caused by abnormal iron metabolism often induce reactions in tumor invasion and metastasis (7) . Ferroportin has been reported to be significantly correlated with prognosis in breast cancer (8) . However, thus far, the role of ferroportin protein expression in prostate cancer remains elusive.
The present study analyzed the expression levels of ferroportin protein in different differentiation stages of prostate cancer and prostate hyperplasia, as well as the differences in prostate cancer and normal prostate cells.
Materials and methods
Subjects. The subjects of the present study were selected from 60 patients with prostate cancer and 30 patients with benign prostatic hyperplasia (BPH) who visited the Third Affiliated Hospital (Suzhou University, Changzhou, Jiangsu, China) between January 2008 and December 2012. The study was approved by the Ethics Committee/Institutional Review Board of the hospital, and was performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all patients. The age range of the patients was 55-75 years, with a mean of 67 years. Prostate cancer was pathologically diagnosed in the 60 cancer patients. According to the Gleason score (9), 20 cases presented with scores of <7, 15 cases with scores of 7 and 25 cases with scores of >7. For the remaining 30 subjects, BPH was diagnosed by a transurethral resection of the prostate pathology. 
Ferroportin gene expression measured by reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The prostate cancer PC3, DU145 and LNCAP cell lines, and the normal prostate RWPE2 cell line were obtained from Shanghai Institutes for Biological Sciences, Shanghai, China). The cells were cultured in RMPI 1640 medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100 U/ml streptomycin (Sigma-Aldrich) in an atmopshere of 5% CO 2 at 37˚C. RNA was extracted with TRIzol (Invitrogen Life Technologies, Carlsbad, CA, USA). RT was performed according to the manufacturer's instructions by adding oligo(dT), 5X Reaction Buffer, RNase Inhibitor, 10 mM dNTP mix and M-MuLV reverse transcriptase sequentially (PCR supermix; catalog no. 10572-014; Invitrogen). The Luminaris Color HiGreen qPCR Master Mix PCR kit was purchased from Thermo Fisher Scientific, Inc., (Waltham, MA, USA) and the RT-PCR reactions were performed at 94˚C for 5 min, 94˚C for 20 sec, 55˚C for 20 sec and 72˚C 15 sec for 30 cycles, followed by 72˚C for 5 min. The sequences of the primers are presented in Table I . PCR products were transferred to 2% agarose gel and the band intensity was quantified using the Kodak Gel Logic 200 imaging system (Kodak, Rochester, NY, USA).
Ferroportin protein expression measured by western blotting. Cells grown in a 25-cm 2 flask were rinsed with PBS prior to harvesting. Total proteins were extracted with a cell lysis buffer (Pierce Biotechnology, Inc., Rockford, IL, USA) containing phenylmethylsulfonyl fluoride and incubated on ice for 10 min. The lysate was separated by centrifugation at 100,000 x g for 30 min. The amount of protein was measured by bicinchoninic acid assay (Pierce Biotechnology, Inc.). For 12% SDS-PAGE, a total of 20 µg of protein was loaded 
Results
Expression levels of ferroportin in prostate cancer. The expression levels of ferroportin were examined by immunohistochemical analysis in the prostate cancer and prostatic hyperplasia tissue samples (Fig. 1) . Reduced ferroportin expression levels were found in the prostate cancer tissue samples. With the decline in prostate cancer cell differentiation and increased degree of malignancy, ferroportin expression was reduced and exhibited less immunostaining in the cytoplasm. Moreover, the prostatic hyperplasia tissue samples exhibited increased ferroportin immunostaining suggesting enhanced expression levels. (Fig. 3) .
Discussion
Numerous cancer cells exhibit an increased demand for iron (10) . Consequently, proteins involved in iron regulation are often deregulated in cancers and play a significant role during the tumor development process. Ferroportin is a transmembrane protein that transports iron from the inside of cells to the outside, and is the only known mammalian iron exporter to date. High levels of ferroportin protein have been detected in intestinal epithelial cells, placenta cells, liver cells and macrophages regulating iron export by the hepcidin-ferroportin axis (11) . Previous studies have demonstrated that the expression levels of ferroportin and hepcidin affect the growth and progression of breast cancer cells, and that the stability of ferroportin is regulated by hepcidin (12) . Compared with normal breast epithelial cells, the expression level of hepcidin is increased in breast cancer cells, whereas ferroportin exhibits reduced expression, which is associated with reduced iron export leading to enhanced iron availability to the tumor cells. Moreover, another previous study also found that decreased levels of ferroportin 
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gene expression are associated with a significant reduction in metastasis-free and disease-specific survival that is independent of other breast cancer risk factors (12) . It has been reported that the ferroportin protein is a strong and independent predictor of prognosis in breast cancer, and a novel potential target for molecular therapy (13) . However, only two studies have reported that hepcidin is closely associated with anemia in patients with advanced prostate cancer (14) . In the present study, the expression levels of ferroportin were measured in prostate tissues and prostate cancer cell lines; the results suggested that the decreased hepcidin-ferroportin axis may involved, as hepcidin predominantly mediates the degradation of ferroportin (15) . According to the Gleason score, prostate cancer tissue samples were divided into highly-differentiated, moderately-differentiated and poorly-differentiated prostatic hyperplasia groups and a normal group. The expression levels of ferroportin protein were measured by immunohistochemistry in each group, and reduced ferroportin protein expression was found in the prostate cancer tissues. With decreased prostate cancer cell differentiation and an increased degree of malignancy, the expression levels of ferroportin protein were decreased, together with less ferroportin immunostaining in the cytoplasm. By contrast, the expression level of ferroportin was increased in BPH. The different expression levels of ferroportin protein in the prostate cancer and BPH tissues at different differentiation statuses suggested that the ferroportin protein is closely associated with the prostate cancer cell development process.
In order to further investigate whether ferroportin protein regulates the development process of prostate cancer, the mRNA and protein expression levels of ferroportin were compared in the prostate cancer PC3, DU145 and LNCAP cell lines, and the normal prostate RWPE2 cell line. RT-qPCR analysis suggested that the mRNA levels of ferroportin were lower compared with the control group, whereas there was no marked difference between the prostate cancer cell lines. This observation was confirmed by western blotting.
To the best of our knowledge, the present study is the first to reveal and compare the expression levels of ferroportin protein in prostate cancer cells and normal prostate cells. We believe that ferroportin protein plays a significant role in the development of prostate cancer. It is possible that decreased expression levels of ferroportin in tumor cells inhibits intracellular iron export, causing intracellular iron overload and activating reactive oxygen species, consequently inducing DNA damage and impairing proteins and lipids, leading to tumorigenesis. Increased intracellular iron further promotes the growth of tumor cells (16) . Collectively, data from the present study and other studies suggests that ferroportin protein could be a potential indicator for the diagnosis and prognosis of patients with prostate cancer. Moreover, ferroportin protein has clinical significance in prostate cancer as a potential target for molecular-targeted therapy by regulating cellular iron metabolism, and inhibiting the growth and progression of prostate cancer.
